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Materials and methods
Device fabrication and characterization
[Ru(bpy) 3 ] 2+ (PF 6 -) 2 was synthesized according to Cooley et al. (S1) , and DPAS -Na + was synthesized according to Richards et al. (S2) . Solutions of 24 mg/ml [Ru(bpy) , was then spun onto the prepared PDMS substrate at 2500 rpm for 60 seconds. Excess material was removed physically using a solvent-soaked swab. Top and bottom components were then placed in contact and a wetting front propagated naturally due to van der Waals forces between the two components. In order to allow for proper equilibration, the laminated PN junctions were allowed to equilibrate for 24 hours under short circuit conditions. The devices were stable when stored inside a glove box for at least 6 months. Exposure to the ambient led to crystallization of the DPAS -Na + layer and degradation of the device performance. An initial current density of 10-100 µA/cm 2 decayed to zero within this period, consistent with redistribution of the PF 6 -and Na + counter ions across the junction. The current was measured with a Keithley 236 source-measure unit and the radiant flux with a calibrated UDT S370 optometer attached to an integrating sphere. Electroluminescent spectra were obtained with a calibrated S2000 Ocean Optics fiber spectrometer. All photovoltaic measurements were taken with 100 mW/cm 2 illumination from a halogen lamp calibrated with a silicon photodetector. Based on the spectrum of the halogen lamp, we expect that the efficiency quoted in this report is within 20% of the efficiency under simulated solar illumination.
Device simulations
In order to gain a better understanding in the mechanism of operation of these ionic junctions we have conducted numerical simulations. The problem is complicated by the large number of parameters that need to be employed to account for steric effects associated with ion packing and with injection of electronic carriers across metal/organic and organic/organic interfaces. Rather than aiming at quantitative agreement with the data, the simulations were meant to provide some insight into ionic junction formation. In this spirit, we used the method of forward time iteration (S3), and included ions as described before (S4). Fig. S1 shows the simulated device architecture.
We simulated two organic layers that were 50 nm thick, and the location of the junction was at 50 nm from the anode. The metal contacts were located at 0 nm (anode) and 100 nm (cathode), respectively. The organic layer next to the anode had fixed negative ionic 3 charge and mobile positive ionic charge, with densities that were equal to 10 17 cm -3 .
Similarly, the organic layer next to the cathode had fixed positive ionic charge and mobile negative ionic charge, with densities that were equal to 10 17 cm -3 . These values are underestimates, which allow for the simulations to reach steady-state quickly while still capturing the essential physics. The mobilities of the positive and negative (mobile)
ions were the same, and their diffusion coefficients obeyed the Einstein equation. The layers were depleted of electronic carriers, and no electronic carrier injection was allowed at the metal electrodes. Ion transport across the metal interfaces, and charge exchange between the ions and the electrodes were not allowed. On the other hand, mobile ions were free to move between the two organic layers. The two metals used had the same work function, hence the built-in potential originated from ion motion near the heterojunction. The simulation was run until steady-state was achieved.
The distribution of electric field (E) and positive mobile ion density (P) are shown in Fig. S2 for short-circuit (V=0V), forward, and reverse bias. The densities of the negative mobile ions were mirror images of P (mirror plane located at 50 nm). The built-in potential at the junction is indicated by the dip in E at 50 nm. Higher ion densities will decrease the width of the region where this built-in potential drops, and increase its magnitude. The same holds for the electric fields near the metal interfaces.
The latter are caused by the alignment of the Fermi levels of the two metals, which also causes the mobile ions to retract a bit from the junction region. Forward bias pushes the mobile ions towards the junction, while reverse bias has the opposite effect. Forward bias decreases the magnitude of the built-in potential at the junction and high fields at the metal/organic contacts assist charge injection. Reverse bias adds to the built-in potential, while the electric field at the contacts is small. 
